Schemes for two-dimensional (2D) and three-dimensional (3D) atomic states localization in a fivelevel M-type system using standing-wave laser fields are presented. In the upper two levels of the system we see a 'coupled' localization for both 2D and 3D case. Here, the state in which majority of population will be found depends on the sign of the detunings between the upper levels and the intermediate level. The experimental implementation of the scheme using the D2 line of Rb is also proposed. The scheme may be manipulated to achieve subwavelenth localization of atoms in one dimension to a spatial width, smaller by a factor of 1000 than the incident wavelength.
I. INTRODUCTION
In recent years atom localization has received considerable attention owing to its potential applications in the areas of quantum information science [1] , laser cooling and trapping of neutral atoms [2] , Bose-Einstein condensation [3] , atom nanolithography [4, 5] and microscopy [6] . Initial proposals for localizing atoms were confined to one dimension only [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . In this regard, many methods based on quantum interference [7] ,electromagnetically induced transparency (EIT) [1, 8] , coherent population trapping (CPT) [9, 10] and stimulated Raman adiabatic passage (STIRAP) [11] etc. are suggested. Recently, schemes have been proposed to localize atoms even in two and three dimensions.Ivanov and Rozhdestvensky have proposed a scheme for two dimensional (2D) atom localization by laser fields in a four-level tripod system [17] . Very recently, Ivanov et al. have proposed a scheme for three dimensional atom localization in the same system [18] . It should be noted that other schemes for 2D localization have also been proposed [19] [20] [21] [22] . On the other hand, Qi et al. [23] have proposed a scheme for 3D atom localization based on EIT. Clearly these new developments are going to open up numerous applications in many areas of science. For example, three-dimensional atom localization is speculated to be useful in high-precision position dependent chemistry [18] .Few experimental developments have already bmade towards localizing atoms [4, 24, 25] . Johnson et al. reported localization of metastable atom beams and opened the door for nanolithography at the Heisenberg limit [4] . One notable progress in experimental realization of atom localization in one dimension is made by Yavuz's group [25] . They have reported, using EIT, experimental realization of subwavelength localization of atoms to a spatial width smaller by a factor of eight to the incident wavelength. It is expected that many more experiments will be carried out soon and we need practical schemes to achieve the goal of atom localization in all the dimensions. In this work, we propose schemes to localize atoms both in two and three dimensions, via level populations, by using laser fields in an M-type five level atomic system.Our schemes are not only useful to localize atoms in two and three dimensions, but also enable one to achieve subwavelength localization of atoms in one dimension to a spatial width, smaller by a factor of 1000 than the incident wavelength. This article is organized as follows. In Sec. II we introduce our model and give the basic equations. Sec. III contains our simulated results and discussions followed by conclusions in Sec. IV.
II. MODEL
A standing wave pattern is created by four laser fields E 1 , E 2 , E 3 and E 4 . The electric field here is given by [26] 
The electric fields are such that E 1 is a σ − polarized wave with frequency w 1 , E 2 is a σ + polarized wave with frequency w 2 , E 3 is a π polarized wave with frequency w 3 , E 4 is again a σ − polarized wave with frequency w 4 . As shown in the Fig.(1) , the upper levels are denoted by |4 and |5 and three grounds levels by |1 , |2 and |3 . The transitions |1 ↔ |5 , |2 ↔ |5 , |2 ↔ |4 , arXiv:1412.2890v2 [physics.atom-ph] 12 Dec 2014 |3 ↔ |4 are driven by nearly resonant electric fields E 1 (x) = E 1 sin(x), E 2 (y) = E 2 sin(y), E 3 (y) = E 3 sin(y), E 4 (x) = E 4 sin(x) respectively. The detunings [27] for these transitions are ∆ 1 = ω 1 − ω 51 , ∆ 2 = ω 2 − ω 52 , ∆ 3 = ω 2 − ω 42 , and ∆ 4 = ω 3 − ω 43 respectively.
The coupling of the laser fields with the atom is given Rabi frequencies [27] 
( 2) where G j = | d j . ε j / | is coefficient of Rabi frequency and d j is dipole moment corresponding to j th transition [27] . It is assumed that the center of mass of the atom is at rest, the interaction only affects the internal states and hence the Raman-Nath approximation [28] is valid. So in the interaction picture and rotating wave approximation (RWA) [29] , the Liouville equation:
becomes
Since ρ is a density matrix, we have ρ ij = ρ * ji , ρ ii = 1. For the ∆s we have used following notation:
γ 1 and γ 3 are the decay rates which correspond to the relaxation 'into' ground states |1 and |3 respectively, γ 52 is the decay rate that corresponds to the relaxation 'from' excited state |5 'into' ground state |2 , similarly other γs are defined. Γ 34 corresponds to the decay rate between states |3 and |4 , similarly other Γs are defined.
The decay rate between states |1 and |2 , Γ 12 , can safely be neglected because there is no field driving the transition and it is usually much smaller than the decay rates corresponding to driven transitions. Similarly other decay rates can be neglected. In effect we have
III. RESULTS AND DISCUSSION
2D Localization
As addressed by Ivanov [17] , we take the two probe fields g 2 and g 3 to be weak so that in the long time we have g 2 and g 3 to be much smaller than g 1 , g 4 , ∆ 2 , ∆ 3 , Γ 24 , Γ 25 and other quantities of interest.
When the probe fields are weak, g 2 , g 3 → 0, we have most of the population in the state |2 , hence ρ 22 ≈ 1 during the interaction of atom with the field. In the long time limit, we haveρ ij = 0. From these considerations we can obtain ρ 44 , ρ 55 from Eq.(4).
Considering Eq.(4f) in the long time limit and with weak probe fields g 2 and g 3 , we get
Now we consider Eq.(4o). Near the nodes of g 2 , we get
Putting Eq. (6) and Eq. (7) in Eq.(4l) along with (ρ 22 − ρ 55 ) ≈ 1, we have
From
From Eq. (8) and Eq.(9), we get
This expression gives the upper level population in state |5 in terms of Rabi frequencies g 1 , g 2 , g 3 . It is valid near nodes of g 2 and away from nodes of g 3 .
To obtain population in state |4 , we consider Eq.(4j) in the long time limit and for weak g 2 and g 3 . We obtain
Considering Eq.(4o) again. Near nodes of g 3 , we obtain
Putting (ρ 22 − ρ 44 ≈ 1) in Eq.(4k) and from Eq. (11) and Eq. (12), we get
From Eq.(4c) and Eq.(4d), we get
From Eq.(13) and Eq.(14), we have
This expression gives the upper level population in state |4 in terms of Rabi frequencies g 2 , g 3 and g 4 . It is valid near the nodes of g 3 and away from nodes of g 2 . Now we consider the case where all of the four fields are standing wave fields. We take g 1 , g 2 , g 3 and g 4 according to Eq.(2). For simplicity, consider
The population obtained from these expressions is shown in Fig.(2) . For plotting purpose we take Γ 24 = 1.6γ 0 , Γ 25 = 1.4γ 0 , g 2 = 4γ 0 sin(k 2 y), g 3 = 4γ 0 sin(k 3 y), g 1 = 6γ 0 sin(k 1 x), g 4 = 6γ 0 sin(k 4 x), ∆ = −6γ, ∆ 23 = −2γ, ∆ 2 = 15γ and ∆ 3 = 17γ. When fields are of the form Eq.(2), the localization patterns are according to Fig.(2) where most of the excited state population is localized in a single excited state depending on the sign of the detuning ∆ 23 . Instead if g 2 is of the form g 2 = G 2 cos(k 2 y) while other three fields being of the form Eq.(2), we get a localization pattern where both the excited states are almost equally populated with different localization structures as shown in Fig.(3) .
From Eq. (10) and Eq. (15) we see that the state where majority of population is localized depends crucially on the sign of the difference between detunings ∆ 2 and ∆ 3 i.e. on the sign of ∆ 23 . For a positive value of ∆ 23 , the excited state population localized in state |4 is much higher and is localized very tightly whereas for state |5 , the population is low and area of localization is considerably larger.For −∆ 23 , excited state population is tightly and highly localized in state |5 whereas for state |4 the population is low and localized over a greater area.
One can estimate from the contour plots in Fig.4 that a greater population could be very tightly localized upto a subwavelength region having an area on the order of (
2 in the state |4 . On the other hand the population in the state |5 can be localized from a region having area 
where A
min represents the minimum area upto which atomic population can be localized in state |4 while A (5) max represents the maximum are to which atoms can be localized in the state |5 . It is interesting to note that we may achieve subwavelength localization of atoms in 1D to a spatial width which is a factor of 1000 smaller than the wavelength of the laser beam, via level population in the state |4 through judicious manipulation of the proposed scheme.
3D localization
The scheme for localization of atoms in three dimensions is also presented below. The atomic states arrangement is same as Eq. (21) except that here two addition fields are required whosek vectors are alongẑ and satisfy the selection rule Eq. (22) . For the electric field configuration of the form E( r, t) = E the Rabi frequencies are given by
where 
where |.| is the magnitude of the quantity. All the notations and approximations are same as that of Sec(II). A simple plot for 3D localization of the population ρ 44 is shown in Fig.(5) . Here we take g 3 to be a constant/ running-wave pulse of the form g 3 = G 3 , g 1 and g 4 to be sine waves alongx and g 2 to be alongŷ andẑ. For plotting, we take g 3 = 0.3γ, g Implementation of 2D and 3D localization schemes using Rubidium
The model proposed in Section (II) can be practically implemented using the D 2 line of Rubidium atom where two upper levels are from 5 2 P 3 2 and three grounds levels are from 5 2 S 1 2 [30] .
The polarization of the laser fields driving this transitions should be in accordance with the selection rule. If
The polarization of electric fields for the implementation of 2D localization scheme is also shown in Fig.(1) . The 3D localization scheme can be implemented using Eq. (21) as well with addition of two extra laser fields. The setup is shown in Fig.(6) .
IV. CONCLUSIONS
In conclusion, we have shown how to localize atoms in a M-type system in two dimensions as well as three dimensions. It is also pointed out that for 2D localization, the state in which majority of the population resides depends crucially on the sign of detuning ∆ 23 . Same conclusion is valid for three dimensions as can be easily seen from Eq. (20) . We also estimated the range of localization numerically, Eq. (17) . Further, we estimate that by judicious manipulation of the scheme one could achieve atom localization in 1D to a spatial width smaller by a factor of 1000 to the incident wavelength. The effect of a phase shift of π/2 in making both the states almost equally populated with different localization structure is also studied. In the end, we also proposed a practical implementation of the two and three dimensional localization schemes using Rubidium atom. 
